Different techniques have been utilized to determine the composition of Artemisia absinthum (wormwood) essential oil. The oil was fractionated on a silica gel column and each fraction analyzed by GC(RI), GC-MS and 13 C NMR. This allowed the identification, for the first time in A. absinthium, of two diterpenes, 9-geranyl-p-cymene and 9-geranyl-α-terpinene, and two homoditerpenes, 9-(15,16-dihydro-15-methylene)-geranyl-p-cymene and 9-(15,16-dihydro-15-methylene)-geranyl-α-terpinene.
α-Phellandrene (50.5%) and terpinen-4-ol (12.0%) were the two principal components of wormwood grown experimentally in Egypt [22] . The monoterpene hydrocarbons β-pinene (up to 34.0%), p-cymene (≤ 14.6%) α-phellandrene (≤ 25.5%), myrcene (≤ 8.9%) and sabinene (≤ 14.4%) were the most abundant volatile compounds in the wormwood oils from Iran [23, 24] , while β-pinene (23.8%) and transthujone (18.6%) were the main constituents of another Iranian oil [25] .
High amounts of sabinene and myrcene were characteristic of the oils from Estonia, Hungary, Scotland and Moldova [17] . Sabinyl acetate rich oils were determined in Estonia, France, Belgium, Russia, Armenia, Latvia, Italy and France [4, 7, 9, 17] .
A. absinthium oil of Turkish origin was found to have chamazulene (17.8%) and nuciferyl butyrate (8.2%) and propionate (5.1%) as its major components [13] .
A bornyl acetate chemotype (23.0%) of wormwood oils was determined in Cuba [26] .
Spanish and Italian oils were characterized by high amounts of 1,8-cineole (18.0%), carvone (18.5%), thymol (10.8%) and carvacrol (9.7%), whereas transverbenol was among the dominant oil components in the wormwood samples from Latvia and Lithuania (9.2% and 11.7%, respectively) [17] .
Caryophyllene oxide (25.3%), p-cymene (16.8%) 1,8-cineole (8.9%) and (Z)-lanceol acetate (7.3%) were the major components of wormwood oil from Greece [27] , whereas plants cultivated in the USA contained 33 .1% of trans-thujone and 32.8% of cis-sabinyl acetate [28] . Oils from A. absinthium roots have a legal limit for thujone type monoterpenoids [12, 29, 30] .
The analysis of most investigated wormwood essential oils has been carried out by GC and GC-MS techniques and, in some, chiral GC [9] and 13 C nuclear magnetic resonance spectroscopic [12] analyses were applied.
The number of investigations of wormwood oil from plants grown in Lithuania is very limited; trans-sabinyl acetate (13.7%) and trans-verbenol (11.7%) were among the dominant components [17] . In preliminary work carried out in our laboratories, we found that some wormwood oil samples were dominated by trans-sabinyl acetate (up to 36%), while others contained cis-and/or trans-thujones (up to 31%) as major components.
Some components were not identified by the combination of GC(RI) and GC-MS, although they were suspected to be diterpenoid hydrocarbons. Although oxygenated diterpenes have been reported as minor components of wormwood oil, diterpene hydrocarbons have never been reported. Therefore, the aim of the present study was i) to identify the diterpene components contained in Lithuanian wormwood oil by using a combination of CC, GC(RI), GC-MS and 13 C NMR and ii) to evidence the chemical variability of A. absinthium oils of Lithuanian origin.
Identification of diterpene and homoditerpene hydrocarbons in Lithuanian A. absinthium essential oil.
In order to carry out a detailed investigation of the oil composition, one sample from the Rokantiskes locality (A5, collected in 2005) was fractionated on a silica gel column leading to eight fractions (Scheme 1) by elution with mixtures of n-pentane and diethyl ether, with increasing polarity. The same proportions of the solvents were applied twice for full separation of the fraction. The combination of analysis by GC, GC-MS and 13 C NMR of all the fractions allowed the identification of forty-nine compounds, which comprised 90.4% of the total. 13 C NMR analysis was carried out on each fraction, without purification of the components, following a computerized procedure developed in our laboratories.
Components and their relative percentages are reported in Table 1 . trans-Sabinyl acetate (23.0%) was the major component, while cis-and trans-thujones accounted for 6.0 and 15.9%, respectively. Two monoterpene hydrocarbons, myrcene (9.2%) and sabinene (6.9%), were present in appreciable amounts. Among the oxygenated monoterpenes, two esters of lavandulol (Table 1) (irregular monoterpene) were identified. Various sesquiterpenes bearing acyclic, cyclic, bicyclic or bridged polycyclic skeletons were present in low concentration. Finally, two diterpenes, 9-geranyl-pcymene (0.3%), 9-geranyl-α-terpinene (0.4%) and two homoditerpenes, 9-(15,16-dihydro-15-methylene)-geranyl-p-cymene (0.2%) and 9-(15,16-dihydro-15-methylene)-geranyl-α-terpinene (0.7%), identified by 13 C NMR spectroscopy, were found in A. absinthium oils for the first time. 9-Geranyl-p-cymene and 9-geranyl-α-terpinene are rare diterpenes, originally found in Helichrysum species, also members of the family Asteraceae [31] , but later identified in the oils of Sideritis species (Lamiaceae) from Turkey [32] . The two homoditerpenes, 9-(15,16-dihydro-15-methylene)-geranyl-p-cymene and 9-(15,16-dihydro-15-methylene)-geranyl-α-terpinene were first identified by Barrero et al. [33] in the essential oils of the flowers of Tanacetum annuum (Asteraceae), and more recently in Bolivian Artemisia copa Philippi [34] (according to the authors, the essential oil of this species has many similarities to the oil of A. absinthium).
Chemical variability of A. absinthium essential oil from Vilnius city (Lithuania).
Data on the chemical composition (main constituents) of wormwood oils collected in the surroundings of Vilnius city are presented in Table 2 . sample to sample. In most oil samples, trans-sabinyl acetate (8.8-55.2%) and trans-thujone (up to 30.7%) were found as the most predominant constituents. Other compounds present in appreciable amounts were cis-thujone (up to 23.5%), β-pinene (≤ 10.4%), myrcene (≤ 9.2%), 1,8-cineole (≤ 7.1%), transsabinol (≤ 6.4%) and sabinene (up to 5.9%). All samples contained diterpenes (up to 2.6%) and homoditerpenes (up to 6.9%). Among the homoditerpenes, 9-(15,16-dihydro-15-methylene)-geranyl-α-terpinene (0.6-4.3%) and 9-(15,16-dihydro-15-methylene)-geranyl-p-cymene (0.4-3.0%) dominated. The Rokantiskes location had an extensive area of wormwood in 1999-2002, but with time, this population has markedly decreased.
Wormwood volatile oils from growing populations in the Sapiegine area (indicated by B) were characterized either by trans-thujone (17.7-30.7%) and trans-sabinyl acetate (9.8-22.1%) or by cisthujone (23.5%). Trans-sabinyl acetate (17.9 and 20.0%) was the most abundant in the oil from Karveliskes (samples C). These samples also contained 3.5 and 4.1% cis-chrysanthenol, while the amount of this compound varied from only 0-0.8% in the oils from other locations. It is interesting that cischrysanthenol was the major constituent of some A. absinthium oils [18] .
It could be concluded that almost all (13 out of 15) of the investigated oils of A. absinthium from localities near Vilnius city could be attributed to the transsabinyl acetate or trans-thujone chemotype, both being widespread. Only one oil was characterized by cis-thujone and one other exhibited three components (trans-sabinene hydrate, trans-thujone and transsabinyl acetate) with similar contents. Two diterpenes, 9-geranyl-p-cymene and 9-geranyl-α- A1  A2  A' 2  A3  A4  A5  A6  A7  B1  B2  B' 2  B3  B7  C  C7 Analytical GC: GC analysis was carried out using a Perkin-Elmer Autosystem apparatus equipped with two flame ionization detectors and two fused-silica capillary columns (50 m × 0.22 mm i. d., film thickness 0.25 μm), BP-1 (polydimethylsiloxane) and BP-20 (polyethyleneglycol). The oven temperature was programmed from 60°C to 220°C at a rate of 2°C/min and then held isothermal for 20 min. Injector and detector temperatures were 250°C; carrier gas, helium (1mL/min); split ratio 1:60. Retention indexes were determined relative to the retention times of a series of n-alkanes with linear interpolation (using "Target Compounds" software from Perkin-Elmer).
GC-MS analysis:
Analyses by GC-MS were performed using a chromatograph HP 5890 interfaced to a HP 5971 mass spectrometer (ionization voltage 70 eV, scan time 0.6 s, scan range 35-400 Da) and equipped with a capillary column DB-5 (50 m × 0.32 mm i. d., film thickness 0.25 μm). The oven temperature was held at 60°C for 2 min, then programmed from 60 to 160°C at a rate 5°C/min, held for 1 min, then programmed from 160°C to 250 °C at a rate of 10°C/min and finally isothermal at 250°C for 5 min, using He as the carrier gas (1.0 mL/min), split ratio 1:40. Injector and detector temperatures were 250°C.
Qualitative analysis was based on a comparison of retention times, retention indexes and mass spectra with reference materials, the corresponding data in the literature [33, 35] and computer mass spectra libraries (Wiley and NBS 54K).
The relative proportions of the essential oil constituents were expressed as a percentage obtained by GC peak normalization, without using correcting factors.
13 C NMR analysis: NMR spectra were recorded on a Bruker AVANCE 400 Fourier transform spectrometer operating at 100.13 MHz MHz for 13 C, equipped with a 5 mm probe, in deuterochloroform, with all shifts referred to internal tetramethylsilane (TMS). 13 C NMR spectra were recorded with the following parameters: pulse width (PW) 4 μs (flip angle 45°); acquisition time 2.7s for 128K data table with a spectral width (SW) of 25 000 Hz (250 ppm); CPD mode decoupling; digital resolution 0.183 Hz/pt. The number of accumulated scans was 5000 for each sample (around 40 mg of the oil in 0.5 mL of CDCl 3 ).
